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Scientific Goals:

In support of the Atmospheric Radiation Measurement (ARM) Program’s effort to

improve the treatment of radiation and clouds in models used to predict future climate, a

renewal proposal is submitted to extend an ongoing study to improve our capability of

modeling key processes related to clouds and radiation in the Arctic. This study is of

particular relevance to ARM’s proposed North Slope of Alaska sites. Our proposed

activities will include the following elements:

» anaysisand “scientific’ quality control of data obtained at NSA/AAQO sites

» design and proposal of, and participation in intensive operationa periods (IOPs) at
NSA/AAOQO sites

* preparation of case studies suitable for SCM and CRMs from NSA/AAOQ data for
GCSS Working Group on Polar Clouds projects

» useof NSA/AAQ datato force, evaluate, and improve the treatment of cloud and
radiation processes in cloud resolving models, single column models, and the Arctic
Regional Climate System Model

» development and application of a method based upon feedback control theory to use
the time series data to evaluate single-column model simulations

» use of observations and models to address the site specific science questionsin
Chapter 9 (NSA/AAOQ) of the ARM Science Plan

» promotion of linkages of ARM NSA/AAOQ activities with NSF and NASA projectsin
the Arctic.



Resear ch highlights:

Evaluation of different snow/ice surface abedo parameterizations used in climate
models against SHEBA data. Evaluation included comparison of the performance of
different albedo parameterizations in simulations with a single-column ice thickness
distribution model. Perturbed simulations were performed using the different surface
albedo parameterizations This constitutes the first example (that | know of) of using
feedback analysis to evaluate different parameterizations. While two of the surface
albedo parameterizations produced the same annually averaged surface albedo, the
two parameterizations had very different feedback gain ratios, owing to the different
number and types of degrees of freedom in the parameterization (Curry et al. 2000b)

Assembly of 4 case studies from SHEBA for which radiation flux closure
experiments were conducted. The SHDOM model was used in the calculations,
where the code was modified to use RRTM k-distribution and include ice crysta
single scattering properties. The calculations show that the model-derived surface
radiation fluxes are within 5% of observed fluxes;, a more stringent challenge to
evaluating the model requires improved analysis of the observed radiation fluxes and
atmospheric aerosol properties. (Benner et al. 2000).

Single column simulations of mixed phase and crystalline arctic clouds, and
evaluation using SHEBA data  These simulations included both explicit
microphysics (with resolved size distribution for both liquid and ice particles) and a
bulk microphysics parameterization. A new bulk microphysics parameterization is
developed that includes prognostic equations for ice and liquid water content,
concentration of ice and liquid particles, and in-cloud supersaturation. The new bulk
microphysics parameterization produces substantially improved simulations of
mixed-phase clouds (Khvorostyanov and Curry 2000b; Girard and Curry 2000)

Development of a new formulation of the theory of heterogeneous crystal nucleation
in clouds by freezing. This theory unifies and explains two basic empirical laws of
ice nuclei (IN) behavior: temperature and supersaturation dependence. The theory
also explains observations of high nucleation rates and crystal concentrations at warm
(-5 to -12°C) temperatures and high values of “ice multiplication factor” when
splintering mechanism may be not effective. This theory can be applied to
parameterizations for use in cloud and climate models (Khvorostyanov and Curry,
2000a).
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